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AT 1700°AND1800°F BY THERUPTURETEST

By E. E. Reynolds,J.W. Freeman,andA. E.white

mMMARY

Informationregardingtheperformanceof twoprecision-cast
alloysat 1700°and1800°F hasbeenobtainedby rupturetests.One
alloytestedwasessentiallya 30-percent-nickeImodificationof
alloyN155with1 percentcarbonandthecolumbiumreplacedby 2
percenttantalum.TheotheralloywastheVitalliumanalysismod-
ifiedwith1.2percentcarbonand2 percenttantalum.Thetwoalloys
weretheNT-2ahdVT2-2types,respectively,developedfortheBureau
of Ships,NavyDepartment,at theMassachusettsInstituteofTech-
nology.TheNT-2typealloywasheattreatedpriorto testingwhile
theVT2-2typealloywasleftin theas-castconditionbecausetheir
experiencehadshownthattheseconditionsdevelopedthebestprop-
ertiesin thealloys.

TheresultsobtainedindicatethattheNT-2typealloywas
strongerthantheVT2-2typealloyfortimeperiodslongerthan10
hours. Therupturestrengthsof theNT-2typealloycomparedfavor-
ablyto thoseof thebestalloy,X-40,previouslytestedat 1700°
and1S00”F. ThemodifiedVitalliumalloywassuperiorin rupture
strengthto thestandardVitalliumalloyfortimeperiodsup to
about1000hours. Datafromtestsat 1500°and1600°F madeforthe
Bureauof Ships,NavyDepartment,at theMassachusettsInstituteof
Technologywereusedto showtheeffectof temperatureon theprop-
ertiesof thealloysin therupturetest.

Stress-time-for-rupturedatawereplottedusingstressandlog
rupturetimeas coordinatesandalsologstressandlogrupturetime
as coordinates.On thesemi-logplotthedatawere.bestrepresented
by a singlestraightline,whileon thelog-logplota breakoccurred ,
in thestraight-linerelationship.

INTRODUCTION

Thehightemperaturesrequiredforefficient”operationof the
gasturbinesusedin aircraftengineshaveplacedemphasison the
developmentofbetterheat-resistingalloysthanarenowavailable.
Metallurgicalresearchonheat-resistingalloysforthispurposeis
beingconductedat theUniversityof Michiganfor,andwiththe
financialassistanceof theNationalAdvisoryCommitteeforAero-

tnautics.Theinvestigaioncoveredby this-reportwasundertakenat
therequestof theNACASubcommitteeonHeat-ResistingAlloysfor
thepurposeof obtaininginformationregardingthestrengthandduc-
tilityoflmom alloysat1700°and1800°F.

Onlya smallamountof testor servicedataisavailableat
thesetemperaturesforthenewalloysbeingdevelopedby the,various
researchprogramsin thecountryonmaterialsforgasturbines.A
previousreportpresenteddatafromrupturetestsat 17000and
1800”F forseveralnewcastandwroughtalloys(reference1). The
presentreportextendsthisinformationto includetwoof thebest
alloysforbucketsat 15000and16000F devisedina studyof
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materialsforgasturbinesmadeattheMassachusettsInstituteof
TechnologyfortheBureauof Shfps,NavyDepartment,(references2,
3, 8nd4). Therupture-testpropertiesof thealloysat thesetern-
peraturesweresufficientlyhightowarrantextendingthedatato
1700°and1800°F.

Thedata.presentedInthisreportareprimarilyusefulforin-
formingthedesignengineerof theprobablerangein strengthand
ductilityof availablealloysat 1700”and1800°F. Theresearch
metallurgistis alsoprovidedwitha basisforthedevelopmentand
evaluationofnew alloys.Forinstance,thisreportshowsthe
effectof increasingthecarboncontentof alloysto a muchhigher
leve,lthanisordinarilyencounteredinheat-resistingalloys.

Thecurvesof stressagainstrupturetimearepresentedasboth
thefamiliarlog-logcurvesandas curvesof stressagainstthe
logarithmof thetimeforrupture.A recentfundamentalanalysis
of therupturetesthasindicatedthatthelogarithmof thetimefor
ruptureis correctlyrelatedto stressratherthanto the10 arithm

!?of thestress,therelationgenerallyusedinpreviouswork refer-
ence5).

TESTMATERIALS

Thesampleswereprecisioncastingspreparedby N. J. Grantat
theMassachusettsInstituteofTechnology.Thealloysweredesig-
nated97NT-2and113VT2-2or 128VT2-2.Up to thetimetheywere
submittedfortesting,thesealloyshadshownthebestrupture-test
propertiesat 1500°and1600°F of a largenumberof alloysstudied
at theMassachusettsInstituteof Technology.

TheNT-2typealloyis similartoN155alloyexceptthatthe
nickelis,30percentratherthan20 percent,and2 percenttantalum
is substitutedforthe1 percentof columbium.Thenumber97 in-
dicatesthatthecarboncontentwas0.97percent,whichismuch
hitzherthanthe0.30percentin standardN155alloy.Thenumber2
followingthelettersIndicatesthatonlyresidualnitrogenwas
present.

TheVT2-2typealloyis a modificationof standardVitallium
alloy.Thecarboncontentwas1.13or 1.28percentinsteadof the
approximately0.30percentofVitallium.Thisalloyalsocarried
2 percenttantalum.

Twoheatsof eachalloyweresubmitted.Bothheats,ofthe
:~:T-2alloyhadthesamecarboncontentandwerenotkeptsepar-

. TheVT2-2heatshaddifferentcarboncontentsandwerekept
separate..Informationregardingthedetailsof thesampleprepar-
ationandchemicalanalyseswasalsosubm$tted.

Melting

8

b

MeltingWasdoneina smallelectric-arcfurnaceinwhich
lossesby oxidationdidnotoccur.Theaustenelcastingprocess
wasusedtoproducespecimenswitha l/4-inchdiameterby l-inch
gagesection.Themoldswerepreheatedto1850°F. Thesamples
wereinspectedforsoundnessby radiographicexaminationpriorto
submissionfortesting.
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ChemicalComposition

Theanalysessubmittedwiththespecimensaregivenin table
Carbonwastheonlyelementactuallyanalyzedwhiletheothers

&e aimvalues.ExperienceInmakingthealloysindicatedthat
theactualanalysiswouldbe quitecloseto thenominalcomposi-
tion.

TableI alsoincludeschemicalanalysesof thespecim~dsby
theUnionCarbideandCarbonResearchLaboratories,Inc.
frombrokenspecimensafterrupturetestingweresuppliedforthe
chemicalanalyses.Theresultsagreedcloselywiththeaimvalues
in thecaseof alloy97NT-2.Goodagreementforthecomposition
of theVT2-2typealloywasalsoobtained,exceptthattheactual
analysisshowedthepresenceof appreciableamountsofnickeland
tungsten.

Thecompositionsof otheralloysusedforevaluatingthe
propertiesof thehigh-carbonalloysarealsoincludedin tableI.

HeatTreatment

Thesamplesof theNT-2typealloyweresolutiontreatedby
waterquenchingafter1/2hourat 2260°F. Thistreatmentwas
recommendedbecausethetestsat 1500°and16000F had shownit to
be beneficialto thestrengthof thisalloy(references2, 3 and
4)●

Becausepriortestsat thelowertemperatureshadshownthe
VT2-2typealloytohavethebestpropertiesin theas-castcondi-
tion,thesampleswerenotheattbeatedforthetestsat1700°and
1800°F.

EXPERIMENTALPROCEDURE

Thetestsusedin thisinvestigationincludedsufficientrup-
turetestsat 1700°and1800°F to determinetherupturestrengths
at 100and400hours,metallographicexamination,andhardness
tests.

Therupturetestsof lessthan10hoursdurationweremadein‘
a hydraulictensilemachineafterthespecimenhadbeenat the
testingtemperaturefor1 hour. Thelongerdurationrupturetests
wererunin singlespecimenunits.Thespecimenswereheldat tem-
peratureforapproximately24hoursbeforeapplicationof the
stressto allowforadjustmentof thetemperature.Thestresswas
appliedthrougha simplebeamanda systemof lmifeedges.

Metallographicsamplesof theoriginalmaterialandthespeo-
imensfromthelongestdurationrupturetestsat eachtemperature
werephotographed;t 100Xand1000X.Samplesweremacroe~chedto
showgrainsize. No originalspecimensof alloys97NT-2and
113VT2-2wereavailableformacroetching,
specimenswereused.

Pickershardnessdeterminationswere
formetallographicstudies.

sofracturedrupture

madeonthesamplesused
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RESULTS

Therupture-testdataandtherupturestrengthsareshownin
tableII. Therupturestrengths~weretakenfromtheusual curvesof
logstressagainstlogrupturetimein figures1 and2. The
straight-linecurvesbreak,or showa changein slope,between40
and100hours.

Thetotaldeformationto fracturedecreasedwithincreasing
timeforfractureexceptfor128VT2-2alloyat 1800”F. At both
1700°and1800°F theVT2-2typealloyhadconsiderablyhigher
ductilitythanalloy97NT-2.Thehigherductilityspecimenshad
irregularfracturesandnecked-downnon-uniformly.Theseeffects
arecommoninmaterials,suchas thesecastspecimens,withohly
a fewgrainsIn thecrosssectionof thegagelength.Typical
examplesofthe.grainsizeofthespecimensareshownin figure3.

Photomicrograhs of thestructuresof thespecimensbefore
!andafterruptureestlngareshowninfigures4 and5. Inthe

originalconditionbothalloyshadsimilardendri.ticpatternsof
theexcessconstituents,typicalforcastalloysof thetypeunder
consideration.Afterrupturetestingtherewasconsiderable
precipitationin the97NT-2specimensandonlya slightamountin
theVT2-2typealloy.Theprecipitatewasslightlymore agglom-
eratedInthespecimensof 97NT-2alloytestedat1800°F thanin
thosetestedat 1700°F.

Figures4(c) and (d)showthestructuresof two97NT-2alloy
specimenswhichhadquitedivergenttimesforrupture.Theseshow
no directreasonforthecauseof theerraticrupturetimesfor
thetwospecimens.Thespecimentestedunder11,000psi,however,
hadmoreareasof finelydividedexcessconstituent.Theorienta-
tionof theexcessconstituentswasalsodifferent.

Thehardnessof thesamplesusedfarmetallographicexamina-
tionis givenwiththephotouticrographs.Bothalloysincreasedin
hardnessas a resultof rupturetesting.Thiswaspresumablydue
toprecipitationof excessconstituentsduringtesting.

DISCUSSIONOF RESULTS

TableIIIwaspreparedto showtherelationshipbetweenthe
rupture-testcharacteristicsof thehigh-carbonNT-2typeand
VT2-2typealloysandotheralloyspreviouslytested.Thefollow-
ingtrendsareshown:

1. Thehigh-carbonmodifiedlU55alloy,97NT-2,hadhigher
rupturestrengthsthanthemodifiedVitaIliumalloy,typeVT2-2,
exceptforshorttimeperiodsat 1700°F.

2. Boththe97NT-2alloyandthe~T2-2typealloywerecon-
siderablystrongerfortimeperiodsup to 100hoursthanthebest
alloy,X-40,previouslytestedat 1700”and1800°F (reference1).
Thissuperioritydecreasedwithtimeforrupturesothattherup-
turestrengthsofX-40and97NT-2approachedoneanotherandX-40
wasslightlystrongerat1000hours.TheVT2-2typealloywas
weakerthanX-40fortimeperiodsgreaterthanabout100hours.

,

r

3. Thehigh-carbonVitalliumplus2 percenttantalumalloy,
typeVT2-2,hadhigherrupturestrengthsthanthoseobtainedfrom
standardVitalliumalloyin thepreviousworkat 1700°and1800°F
(reference1) fortimeperiodsup to about1000hours.Thelow-
carbonstandardalloywouldapparentlybebetterforlongertime
periods.



NACATN No.1130 5.

4. Theductilityof X-40.alloyin therupturetestsat1700°F
washigherthanthatof thehigh-carbonNT-2andVT2-2types.At
lgOOOF theductilityof theVT2-2typealloywassimilartothat
ofX-40alloywhiletheNT-2typealloyhadlowerductility.

5. Thehigh-carbonVitalliumplustantalumalloy,typeVT2-2,
hadmoreelongationin theruptureteststhanstandardVitaIliumex-
ceptfortimeperiodsup to about100hours.

Thereare,however,certainfactorswhichshouldbe considered
in connectionwiththeseresults:

. A ratherhigh-temperaturesolutiontreatmentwasusedon
the9%?-2 alloy.No dataareavailableat 1700°and1800”F re-
gardingtheeffectof solutiontreatmentson theotheralloyscon-
sidered.

2. Moldtemperatureandpouringtemperatureareknownto
affectthestrengthandductilityathightemperatures.Section
sizeof castingsalsoinfluencestherupturestrength.Thistype
of informationis notavailablefortheVitaIliumandX-40alloys.
Likewise,no systematicworkhasbeendoneon thesevariablesat
1700°and1800°F to actas guidein evaluatingthedata.

Themicrostructureweresimilarto thoseofmostof thecast
alloyspreviouslyinvestigated(reference1). Theprecipitationin
alloy97NT-2agreedwithpreviousfindingsthatsuchprecipitation
wasassociatedwithhigherstrengthandlowerductility.The
errat%cresultsfromcertaintestsarebelievedtobe duetoorient-
ationdifferencesin therelativelyfewgrainscomposingthegage
lengthof thespecimens.

Correlationof Results

An approximationof theeffectof.temperatureon thetwohigh-
carbonalloysusedin thisInvestigationcanbe madeby useof the
dataat 1500°and1600°F givenin references2,3, and4. The
curvesof logstressagainstlogrupturetimeat 1500°and16000F
areshowntogetherwiththecurvesat 1700°and18000F infigures
6 and7 forthehigh-carbonNT-2andVT2-2typealloys.Therup-
turestrengthsdefinedby thesecurvesaresummarizedin tablesIV
andV andareshowngraphicallyas a functionof temperaturein
figures8 and9. TablesVI andVIIsummarizethedatausedfrom
thereferences.Thefollowingcommentsshouldbe consideredwith
respecttotheavailabledataon theeffectof temperatureon
thesealloys:

1. Thestrengthof thehigh-carbonVT2-2Vitallium-typealloy
dropsmorerapidlywithtemperaturethanthestrengthof thehigh-
carbonNT-2typealloy;Thesuperiorityo.ftheVT2-2typealloy
at 1500°and16000F thereforedoei!notcarryoverto 1700°and
1800”F aswassuggestedin reference2.

2. Theductilityof thehigh-carbonVT2-2typealloywas
higherat allfourtemperaturesthanforthehigh-carbonNT-2type
alloy.Bothalloyshadhigherductilityat 1700”and18000F than
at thelowertemperatures.
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Thecurvesof rupturestrengthagainsttemperatureallshowan
inf’le~;ionbetween1500°and1700°F. Thedataarenotsufficientto
determineif thisinflectionpointliesbetween1500°and1600°F or
between16000and1700°F. Forthisreasonitwasnecessarytouse
straightlinesto connectthepoints.Thisinflectionisprobablydue
to a structuralchangecausedby theincreasingtemperature.

4* Thelengthof timethatspecimenswereheldat temperature
priorto applicationof thestressmayalsohaveinfluencedtherupture
strengthsby anagingeffect.OtherinvestigationsfortheNACAhave
shownthatthepropertiesofmanyof theheat-resistingalloyscanbe
influencedto a pronounceddegreeby agingattemperaturesabove
1200°F priortotesting.Similareffectshavebeenshownfromaging
attemperaturesabove1500°F by theM.I.T.workon alloysofthe
typeconsideredin thisinvestigation.

InthetestsatMichiganthespecimenswereat thetestteru-
peraturenearly24hoursbeforethestresswasapplied.In theearly
1500°F testsatM.I.T.,specimenswereheldat temperaturefrom10
to 50hourswithoutstress(reference3). Latertestswereheldat
temperature1 hourbeforeapplicationof thestress(reference4).

5. It is conceivablethatsuchtestingvariablesmaybe partial-
ly responsiblefortheinflectionin thecurvesof rupturestrength
againsttemperature.Themoreprobableexplanation,however,isthat
structuralalterationscausedby thehighertemperaturechangethe
rupturetestcharacteristicsratherthananytestingprocedure
variation.

Curvesof StressagainstLogRuptureTime

RecentlyE. S.MachlinandA. S.Nowickof thestaffof the
Aircraft~glne ResearchLaboratoryof theNACAatCleveland,T~~~;,
made a theoreticalstudyof therupturetest(reference5).
derivedequationindicatesthatthecorrectrelationshipbetween
stressandrupturetimeshouldbe a straightlinewhenstressis
plottedagainstthelogarithmof therupturetime. Almostalldata
havepreviouslybeenshownas straightlineswhenthelogarithmof
thestresswasplottedagainstthelogarithmof thetimeforrupture.

Thedataavailableforthehigh-carbonNT-2andVT2-2type
alloysareshownas semi-logarithmiccurvesin figures10 and11.
Thesecurvesarecomparablewiththelogarithmiccurvesof figures
1, 2, 6, and7. Straightlinesresultedoverthewholerangein
rupturetimewithoutthebreaksshownby thelogarithmiccurvesat
1700°and1800°F. On theotherhand,theerraticpointsat 1500°
and16000F showconsiderablymoredeviationfromthecurvesthan
wasapparentinthelog-logcurves.

Thestraight-linesemi-logrelationfitsthedatabetterover
thecompletestresqrangeat 1700°and1800°F thando thelog-
arithmiccurves.Thissuggeststhatthetheoreticalequationrelat-
ingthelogarithmof therupturetimetothestressmaybe morenear-
ly correct thanthelogarithmicplotsnowused.

It isdifficultto appraisethefactorsinvolvedsoas to judge
therelativecorrectnessof thetwomethodsof presentingthedata.
Inthiscase,andprobablyinmostcases,therupturestrengths
obtainedfromeithertypeof plotwillagreeclosely,as is shownby
tableVIII. Therealanswerwilldependonwhetherthechangein
slopeof thelog-logcurvesreflectsa physicaldifferenceinthe
materialormannerof fracturecausedby exposureto stressandtem-
perature.If suchchangesin structureareoccurring,thenthey
aremaskedby thesemilogarithmicrelatic,nshipandthelog-logcurve
betterrepresentstheexperiments.



NACATN No.1130

CONCLUSIONS

Evaluationof rupture-testdataat 1700°and18000F fora
high-carbonCr-Ni-Co-Mo-W-Tamodificationof NI.55alloy,NT-2type
alloy,andfora high-carbonplustantalummodificationofVitallium,
typeVT2-2alloy,leadstothefollowingconclusions:

1. Thehigh-carbon$lT-2typealloyheattreatedat 2260°F
hashigherrupturestrengthat1700°‘and1800°F thanthehigh-
carbonVT2-2typealloyin theas-castconditionexceptforrela-
tivelyshorttimeperiodsforrupture.Thisdifferencein
strengthmayhavebeendueto theheattreatmentof theNT-2alloy,
althoughas-castVT2-2alloywassuperiorto theheat-treated
NT-2alloyat 1500°and16000F.

2. Fortimeperiodsup to about500hoursthehigh-carbon
NT-2typealloyhasbetterrupturestrengththanthebestalloy, ‘
X-40,previouslytestedat thesetemperatures.

3. High-carbonVT2-2Vitallium-typealloyhashigherrupture
strengththanstandardVitalliumat 1700°and1800°F fortime
periodsup to about1000hours.

4. Theductilityof thehigh-carbonalloysin,therupture
testat 1700”and1800”F comparesfavorablywiththoseofx-40
andstandardVitaIlium.

5. Aninflectionoccursinthecurvesof rupturestrength
againsttemperatureforthehigh-carbonalloys,indicatinga
structuralchangein thetemperaturerangebetween150CFand
1700°F.

6. A singlestraightlinebestrepresentstherupturetest
dataat 1700°and1800°F whenplottedto semi-logcoordinates
of stressagainstrupturetime. On thelog-logplotthedataare
bestrepresentedby twointersectingstraightlines.

7. Thestrengthrelationshipsdevelopedby thisinvestiga-
tionon thebasisof chemicalcompositionmaynotbe typical,due
to lackof considerationof.suchvariablesasmoldtemperature,
pouringtemperature,sectionsize,heattreating,andaging.

Departmentof EngineeringResearch,
UniversityofMichigan,

AnnArbor,?iich.,May7, 1946.
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Alloy

97UT-2

113VT2-2

12SVT2-2

X-40

Vitallium

TABLE I

CEJMICALCOMPOSI!CIO14OF EXPERIMENTALEBAT-RESIS!MRTALLOYS

0.970:: c 0.96

Mm 1.U
De&c 1.17

Mm ;:XJ
mlkc

(b) .@

J!2-L?3

Cr

21
20.73

%4

23
22.83

25.12

27.60

30
29.78

-----
3.08

-— --
6.50

9.69

3.06

Chemicalcomposition
&

21
zz.~

67
63.34

67
57.68

55.23

BalimceT_
rcent

3
3.20 %

6 --—
5.64 0.24

6
5.31 F5i

--— 7.23

5.13 ----

MIT MassachusettsInstituteofTechnology.
UCCcC UnionCarbideandCarbonResearchIaborataries,Ino.

-m-

2.
al.77

2
%.$5

2
a2.15”

—.—

—---=

Mn

—-

0.92

—--
.-—

--—
----

0.6.4

.98

0.38

—--
---

——
----

0.72

.63

-E-

-----
17.65

——-
—---

-----
—---

0.55

1.’76

a!l%ntalum+ columbium.
b~a re~ereme 1.
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TABLE11

RUPTURE-TESTDATAAT 1700°AND1800°F FORHIGH-CARBON

Ni-Cr-Co-Mo-W-TaALLOY,TYPENT-2,ANDHIGH-CARBON

VITALLIUMPLUS2 PERCENTTANTALUMALLOY,TYPEVT2-2

Test RuptureElongationReduction
temperatureStress time in1 in. of area

A11oY ‘F D8i) (hr) percent) percent)

97NT-2 1700 27,000 1.37 22 18.3
19,000 88.0 7 11.5
17,000 134●5 6
15,000 412.0 2 ::;

97NT-2 1800 21,000 ;.;8 20 34.0
15,000 ●

t
12.1

14,000 :
13,000 $:!:; ::+
11,000 . : 10.9

113VT2-2 1700 24,000 20 18.0
17,000 10::: u 20.5
15,000 173.0 19 25.7
14,000 252.0 12 20.2
13,000 651.0 9 1.2.8

128VT2-2 1800 20,000 1.33 22 29.0
12,500 66.5 19 ;;.:
11,000 102.0
9,000 300.0 %’ 30:9

Ruhturestrengths
Stressforruptureinindicated

timeperiods
Dsi)

1 hr 10’hr 100hr 400hr 1000hr
97NT-2 1700 27,50023,00018,25015,000%,ooo
113VT2-2 1700 30,00023,00017,00013,00011>000

97NT-2 18OO 21,50017,25013,00010,500a9,200
128VT2-2 1800 21,00015,50011,000 8,400 a6,900

.

.

aEstimated.
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!CABLRIII

RUFTURE-TRS!C.CRARJ4CTERISTICSOF KXPEIYIMRW!AlREAT-RESIS’YMRTMUM+ AT 1700°AND lSOOOF

AllQy

971VT-2
113VT2-2
X-@

Vitallium

97NT-2
12$VT2-2
x-~o

Vitallium

97R!C-2
113VT2-2
X-40

Vitallinm

97RT-2
128V’I!2-2
1-/$0

Vltallium

[Mta for X-@ and Vitalliumtakenfromreferenee14

temperature stressfor rupture in in
‘F 1 hr 10hr 100:

I I I
1700
1700
1700
1700

1s00
Moo
1800

~

1700
1700
1700
1700

1$00
1s00
1s00
1800

alMtimated.

L
2.7,500 23,000 18,250
30,000 23,000 17,000
24,000 20,000 17,000
22,500 17,000 1.3,000

21,500 17,250 13,000
21,000 15,500 11,000
15,500 13,000 11,300
16 00 12 00 00

22
------
45
33

~tedtime
400 hr

15,000
13,000
15,500
11,ooo

1:,5J)

10:300
7.900

Elongationin 1 in. to rupture
b indicat:d~:~ periodsa

D

riods
1000hr

a13,000
11,000
u, 500
10,000

9,200
;;6;

7.000

.— --- 6 2 -----
20 15 10

23 2; 2;
% 10

------ 6 —---
-— --- 20 2$ ——-
30 20 12 —---

-—--- 12 12 12
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TABLEIV

EFFECTOF TEMPERATUREON THERUPTURESTRENGTHANDDUCTILITY

OF HIGH-CARBONNi-Cr-Co-Mo-W-TaALLOY,TYPENT-2

[Dataat 1500°and1600°F takenfromreference2.1L

Test Stressfor rupture
P I

Alloy 10 hr 100h;1400hr 1000hr

97NT-2 1500 ------30,00025,75023,000
102NT-2 1600 32,00025,00021,50019,500
97NT-2 1700 23,00018,25015,000$3;3,000
97NT-2 1800 17.25013,00010.500 ,200

aEstimated.

J

Elongationto rupturesI
(Dercent)-

10hr~100hr1400hrw +
000 r

-1-------3-------
-------

TABLEV

EFFECTOFTEMPERATUREONTHERUPTURESTRENGTHANDDUCTILITY

OF HIGH-CARBONVITALLIUMPLUS2 PERCENTTANTALUMALLOY,TYPEVT2-2

(1.11to 1.28percentcarbon)

[Dataat 1500°and 1600”F takenfromreferences2 and3.]

Test Stressforrupture Elongationto ruptur#
temperature DSi)

OF 100hr
Percent)

AOOhr 1000hr 100hr LOOhr 1000hr

1500 34,00028,500 25,000 9 7 :.5
16OO 27,00022,500 19,750
1700 17,00013,000 11,000 1; 1: 8
1800 11,000 8,400 a6,900 20 20 -------

,

aEstimated.
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TABLEVI

1

COMPOSITIONANDRUPTURE-TESTDATAFORHIGH-CARBONNi-Cr-Co-Mo-W-TaALLOY,

TYPENT-2,AT 1500°AND1600°F

[Datatakenfromreference2]

ChemicalComposition

1 I Chemicalcomnositlon 1
I I (Perce

Si
1%)
Cr Ni co Mo Ta w

20 30 21 3 2 2.2
20 30 21 3
20 30 21 s. ; ::g

aActualanalysis;otheralloysareaimpercentages.
bResidualnitrogen;nonitrogenadded.

Rupture-TestData

Alloy

97NT-2

99NT-2

102NT-2
99NT-2

lo2N’&2

Test I

1500 30,000
1500 30,000
1500 25,000

1500 30,000
1500 25,000

79.8 $.;
99.0
489.0 3:1

109.5 4.3
542.4 3.2

+-t+

JE_l_u-

Reduction
of area
(percent)

1.2
1.8

1.2

1.0

f.;

1:0
*
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TABLEVII

COMPOSITIONANDRUPTURE-TESTDATAFORHIGH-CARBONVITALLIUK

PLUS2 PERCENTTiNTALiJMALLOY,TYPEVT2-2,AT 1500°AND1600°F

ChemicalComposition

Mold Metal Chemicalcomposition Data

‘emp:%”’e ‘emf%v”’e ‘C “N2
uercent) source

Alloy Cr co Mo Ta (reference)

bO.062 23 67 : 2111VT2-2 1850 2534-2606 1.11 2
125VT2-2 1850 2534-2606

II

1.25 b 23 67 2 2
111VT2-2#2

[1
1850 253/$-25881.11 b 23 67 6 2 3

113VT2-2#2 1850 2534-2588 1.13 b 23 67 6 2 3

SLJ@tu~lanalysis; Other dlOyS are dm Pe’centagea.
bResidualnitrogen;no nitrogenadded.

Rupture-TestData
Test Reduction Data

temperatureStress Rupturetime Elongation of area source
Al OV1 ‘F Psi) (hr) percent] percent](reference)

111VT2-2 1500 30,000 297.3 3.7 2
25,000 1093.4 ::; 2.0 2

lllVT2-2(#2)1500 35,000 91.3 1o.3 6.9 3

l13VT2-2(#2)1500 35,000 69.Q 11.1 1:.: 3
35,000 65.2 9.6 3
30,000 321.0 7.1 9:7 3

125VT2-2 1500 30,000 152.0 7.9 3.7 2
30,000 247.5 7.1 2.5 2

111VT2-2 16OO 25,000 122.2 6.8 3.2 2
20,000 960.0 8.9 2.0 2

lllVT2-2(#2)16OO 25,000 136.7 7.9 499 3

l13VT2-2(#2)1600 30,000 85.4 8.8 8.1 3
25,000 197.0 8.1 7.8
25,000 188.0
20,000

~.; ;
890.0 % . 3

125VT2-2 16OO 25,000 131.9 6.4 3
25,000 129.7 8.2 ::; 3

,

.
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TABLEVIII

COMPARATIVERUPTURESTRENGTHSFURHIGH-CARBONNT-2ANDVT2-2TYPEALLOYS

FROMLOG-LOGANDSEMI-LOGCURVESOF STRESSAGAINSTRUPTURETIME

Stressfor rupturein indicated
‘Test timeperiods

temperature ml) Methodof
Alloy ‘F) 1 hr 10hr 100hr 400hr 1000hr plotting

g~-; 1500 ---—- --—-- 30,00025,75023,000 10g-log
1500 ------------30,00025,75023,000 semi-log

I02NT-2 1600 ------32900025,00021,50019,500 log-log
I02NT-2 1600 ------32,00025,50021,50019,000 semi-log

97NT-2 1700 27,50023,0001s,25015,000b13,000 log-log
97NT-2 1700 27,50023,75018,00015,000%3,000 semi-log

97N’1’-2 1800 21,50017,25013,00010,500b9,200
97NT-2 1800 b8,800

log-log
22,25017,75013,25010,500 semi-log

%T2-2 1500
%T2-2 .

------------34,00028,50025,000 log-log
1500 ------------34,00028,75025,000 semi-log

*2-: 1600 -— ----—-- 27,00022,50019,750 10g-log
1600 ------------26,25022,25019,500 semi-log

113VT2-2 1700 30,00023,00017,00013,00011,000 log-log
L13~2-2 1700 28,25022,50017,00013,50011,000 semi-log

128VT2-2 1800 21,00015,5001.1,ooo8,4oo b6,900 log-log
128VT2-2 1800 20,50016,00011,2508,500 b6,500 semi-log

aseetableVII forcarboncontents.!
bEstimated.

.

.



RUPTURE TIME, HOURS

FIGURE L- STRESS-RUPTURE TIME CURVES AT 17(XY Am 1S00” F FOR HIGH-CARBON
N,-CtI -CO -MO -W-T~ ALLOY NT-2.

RUPTURE TIME, HOUR5

FIGUREzr STRESS -RUPTURS TIME CURVES AT 1700” AND 1803” F FOR HIGH-CARBON
VITALLIUM + 2 PERCENT TANTALUM ALLOY VT2-2.

. .



I?ACATNNo.1130 Fig.3

97NT-2 113VT2-2
?lagntfication- 2X

FIGUBJ33.-MACROSTRUCTURESOF HIOE-CARBON
ANDMODIFIEDVITALLIUMALLOYS.

128VT2-2

MODIFIEDN155



Fig. 4

... . . .. .. .. . .. ,

;\.:‘>
-.* , ,- >, . . . [’if.\ 1i.1“”” (. _“. :.{\, . . . .
: ,-- “+ ... .“. “’l.L.,.,... “’.::j‘,.. ‘“ j.:jy:,~j ?, ‘.. ). ~:.... .\ .+’,,

f, . . . . . ---

100X 100ox

(a)Original- Cast+ waterquenchedafter~ hourat 2260°F.
ElectrolyticOxalicacidetch- Vickershardness270.

Interior- 1000X

(b) Rupturespecimen- 412hoursat 1700”Funder 15,000Psi.
ElectrolyticOxalicacidetch- Vickershardness318.

FIGURE4.-MICROSTRUCTURESO-FHIGH-CARBON
Ni-Cr-Co-Mo-W-!CaALLOY97NT-2.

.

●

.
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NACATX No.1130 Fig.4 (Continued)

Fracture- 100X Interi,or- 1000X

(c) Rupturespecimen-490hoursat 1600”Funder13,000Psi.
ElectrolyticOxalicacid.etch- Vickershardness311.

FIracture- 100X Interior- 1000X

(d) Rupturespecimen- 329.5hoursat 1800”F under11,000Psi.
ElectrolyticOxalicacidetch- Vickershardness306.

FIGURE4 (CONTINOED).-MICROSTRUCTDRESOF EIGH-CAREON
N1-Cr-Co-Mo-W-TaALLOY97NT-2.
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(a) Original- As cast.
ElectrolyticOxalicacidetch-

.,.“ ,.-.”,
..,. * .“”‘“-’ -’ , +; ., ;: .“...* F:.5

t,’. .- -., ,: .,.?-”.’.. ’?-, ,-. . . .
\. ,.;. . “+.

Fracture- 100X

(b) Rupturespecimen-651hoursat
ElectrolyticOxalicacidetch-

c-

100ox

Vickerahardness395.

●

✎

Interior- 1000X

1700° F under13,000 psi.
Vlckershardness442.

FIGURE5.-MICROSTRUCTURESOF HIGH-CARBONVITA.LLIUM
+ 2 PERCENTTANTALUMALLOYVT2-2.



HACATE’lio. ”~30 Fig.5 (Comt~ed)

*

Interior- 1000X

(c) Rupturespecimen- 300 hours at 1800°F under9000 psi.
ElectrolyticOxalicaclrletoh - W.ckerahardness438.

FIGURE5.(COR’TIHUED).-MICROSTRUCTUFWOF EIGH-CARSONVITALLIUM
+ 2 PERCENTTANTALUMALLOYVT2-2.
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SYMBOL ALLOY DATA SOURCE

III VT2-2 REFERENCE 2
: 111VT2-2(Nm2) REFERENCE 3
0 I13VT2-2(N0.2) REFERENCE 3
0 125 VT2-2 REF;R$NCCE 2,3
❑ I13VT2-2
A 128VT2-2 UOFU

FIGLJRE Z-STRESS-RUPTURE TIME CURVES FOR HIGH-CARBON

ALLOY VT2-2.
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IWO . 1800 1700 1600
TEMPERATURE, OF

HEAT TREATMENT: WATER QUENCHED 226- F

FIWRE87 EFFECT OF TEMPERATURE ON THE RUPTURE
STRENGTH C?FHIGH-CARBON N I-C R-CO-MO-W-TA

ALLOY NT-2.

“~

1800 1700 18
TEMPERATURE,●F

4

FIGURE 9.- EFFECT OF TEMPERATURE ON THE RUPTURE
STRENGTH OF HIGH-CAR80N V lTALLllJM

+ 2 PERCENT TANTALUM ALLOY VT2-2.
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RUPTURE TIME, HOURS

FIGURE I i.- STRESS-LOG RUPTURE TIME CURVES FOR H IGH-CAR80N
TANTALUM ALLOY VT2 -2.

VITALLIUM + 2 PERCENT


